Noninvasive and convenient tests to assess pulmonary fibrosis and disease progression in interstitial lung diseases (ILDs) are currently unavailable. The extracellular matrix molecules, laminin (LN), type IV collagen (IVC), procollagen III N-terminal peptide (PIIINP), and hyaluronic acid (HA) are involved in ILD development and progression. This study aims to investigate the association of disease progression and serum levels of LN, IVC, PIIINP, and HA in patients with ILD. This retrospective study included 323 patients (162 cases of idiopathic pulmonary fibrosis [IPF] and 161 cases of connective tissue diseases ILD [CTD-ILD]) treated in Shanghai Pulmonary Hospital between January 2013 and January 2015 and 160 healthy controls. Serum LN, IVC, PIIINP, and HA were analyzed by radioimmunoassay. Data of the percentage of forced vital capacity in the prediction value (FVC%pred), the percentage of diffusing capacity of the lung for carbon monoxide in the prediction value (DLCO%pred), high resolution computed tomography (HRCT) score, and patient mortality were collected. Serum LN, IVC, PIIINP, and HA were significantly increased in the patients with IPF or CTD-ILD compared with the healthy controls (all P < .05) and were further elevated in the acute exacerbation cases (all P < .05). Serum LN, IVC, PIIINP, and HA positively correlated with HRCT score and negatively correlated with FVC%pred and DLCO%pred significantly in the patients (all P < .05). The survived patients had significantly lower serum LN, IVC, PIIINP, and HA than the dead patients (all P < .05). Serum levels of LN, IVC, PIIINP, and HA may reflect ILD progression and may be indicators for the severity of ILDs.
Introduction
Interstitial lung diseases (ILDs) represent a heterogeneous group of nontumor pulmonary disorders characterized by inflammation in the alveoli and eventual scarring of lung tissue. [1] Idiopathic pulmonary fibrosis (IPF) and CTD-ILD are the most common types of ILD. IPF is associated with alveolar epithelial dysfunction, persistent fibroblast proliferation, and excessive extracellular matrix (ECM) deposition. [2] IPF is progressive and often leads to poor prognosis. Most patients with IPF will develop pulmonary hypertension, pulmonary heart disease, and ultimate right heart failure; the approximate survival is only 3 to 5 years. [2] CTDs are a group of diseases that have the connective tissues of the body as a primary target of pathology, such as rheumatoid arthritis, systemic sclerosis, Sjögren syndrome, systemic lupus erythematosus, and polymyositis/dermatomyositis. Connective tissue is a major component of the bronchi, blood vessels, interstitium, and pleura in the lung. Thus, the lung is often involved in CTDs. [3] Although different ILDs show diverse clinical and histopathological feature, disorders in ECM protein metabolism appear to be common contributors to the pathogenesis of ILDs. [1] In patients with ILDs, the balance between collagen synthesis and degradation in the lung is disrupted, and an increase in collagen synthesis and/or a decrease in collagen removal result in excessive ECM deposition in the lung interstitium. [1] In the lung tissue of mice with bleomycin-induced pulmonary fibrosis and patients with systemic sclerosis-related ILD presenting fibrotic nonspecific interstitial pneumonia, collagen I deposition increases substantially compared with that in the lung tissue of control mice and healthy individuals. [4] In addition to collage I, laminin (LN), and type IV collage (IVC), which are also major components of the basemen membrane and ECM of the lung, have also been found to contribute to the development of pulmonary fibrosis. [5, 6] Type III procollagen N-terminal peptide (PIIINP) is released during the conversion of type III procollagen to type III collagen and enters circulation after being released. [7] Thus, serum PIIINP levels may reflect collagen synthesis. Increased PIIINP levels have been detected in the serum and bronchoalveolar lavage fluid of patients with IPF. [8] Besides the ECM proteins, hyaluronic acid (HA), which is the major nonsulfated glycosaminoglycan in the lung, is also implicated to play a role in the development of lung diseases such as fibrotic interstitial pneumonia. [9, 10] Therefore, serum levels of the 4 ECM molecules LN, IVC, PIIINP, and HA may indicate the disease progression of ILDs.
Serum ECM molecule levels have been used to evaluate the severity of liver fibrosis and patient prognosis. [11] [12] [13] El-Mezayen et al [11] combined serum IVC and LN levels with liver biochemical indexes to develop a fibrosis discriminant scoring system and found that the scoring system estimated significant liver fibrosis with 79% sensitivity and 88% specificity in patients with chronic hepatitis C. Incorporation of serum levels of PIIINP into conventional assessment approaches, such as the Knodell index, has been found to improve the accuracy of prediction of the survival prognosis in patients with hepatitis B virus liver cirrhosis. [12] In addition, serum HA has also been tested as a biomarker to evaluate the severity of liver fibrosis. [13] Similar to liver fibrosis, serum levels of the 4 ECM molecules LN, IVC, PIIINP, and HA in patients with ILD may also correlate with the severity of pulmonary fibrosis and survival prognosis. This study aims to test this hypothesis. Here, we analyzed the correlation of serum levels of LN, IVC, PIIINP, and HA with pulmonary function parameters and high resolution computed tomography (HRCT) score in patients with IPF or CTD-ILD and examined the association of serum levels of the 4 ECM molecules with the severity of the diseases and survival prognosis of patients with IPF or CTD-ILD.
Materials and methods

Study design
This single-center retrospective study was conducted in Shanghai Pulmonary Hospital of Tongji University in Shanghai China. A total of 323 patients with ILD treated in Shanghai Pulmonary Hospital from January 2013 to December 2015 were included in this study. Shanghai Pulmonary Hospital ethics committee has approved this study (the approval number: K13-108). Data collection and handling are in accordance with relevant ethical guidelines. All the data were kept anonymous. Written informed consent was obtained from each study participants.
Study participants
The patient inclusion criteria were as follows: had available test results for serum LN, IVC, PIIINP, and HA; had a confirmed diagnosis of IPF or CTD-ILD. Of the 323 participating patients with ILD, 162 were diagnosed with IPF according to the American Thoracic Society/European Respiratory Society 2013 revised diagnostic criteria for IPF [14] ; 161 were diagnosed with CTD-ILD. The diagnostic criteria for CTD followed the guidelines recommended by the American Rheumatism Association and the American College of Rheumatology. [15] [16] [17] [18] [19] [20] The patients that had ILD and a confirmed diagnosis of 1 type of CTDs by rheumatologists were diagnosed as CTD-ILD. A total of 160 age-matched healthy individuals, who had routine physical examination in Shanghai Pulmonary Hospital, were included as controls. Patients or control individuals with the following clinical characteristics were excluded from the study: had a malignancy during the study or a history of malignancy; were using glucocorticoid and/or immunosuppressive (including azathioprine, cyclophosphamide, mycophenolate mofetil, and cyclosporin A); and had severe diseases or functional disorder in other organs. The flowchart for patient screening is displayed in Fig. 1 . Acute exacerbation (AE) of ILD (AE-ILD) was defined as a continuous exacerbation of shortness of breath for 30 days, a PaO 2 /FIO 2 ratio 225, a reduction in PaO 2 >10 mm Hg, and increased shadows on chest imaging. Patients with confirmed pulmonary infection such as pneumonia were excluded. The diagnosis criteria for infection are the presence of fever (body temperature >38.5°C), elevated white blood cell count >15,000, and pulmonary infiltrates that can be resolved by antibiotic therapies. The definition of AE-ILD was based on the diagnostic criteria for AE of IPF (AE-IPF). [14] 2.3. Measurement of serum levels of laminin, type IV collagen, type III procollagen N-terminal peptide, and hyaluronic acid Five milliliter venous blood was withdrawn from each participant after an overnight fast, and serum was separated from the whole blood and stored at À25°C for future use. The serum samples were thawed at room temperature and then centrifuged at 1500 to 2000Âg for 15 minutes. The levels of LN, IVC, PIIINP, and HA in the supernatant were measured using a radioimmunoassay analysis kit (Beijing Kemei Biotechonology Ltd., Beijing, China) according to the protocol provided by the manufacturer in a gamma radioimmunoassay analyzer (SN-695B, Shanghai Nuclear Research Rihuan Electro-Optic Instrument Ltd., Shanghai, China).
Chest high resolution computed tomography score
One radiologist and 2 physicians scored chest HRCT according to the criteria in Table 1 , [21] and the average HRCT score was used for the study. 
Pulmonary function evaluation
The pulmonary function of the patients with ILD was evaluated by the percentage of forced vital capacity in the prediction value (FVC%pred) and the percentage of diffusing capacity of the lung for carbon monoxide in the prediction value (DLCO%pred). FVC%pred and DLCO%pred represent pulmonary ventilation capacity and pulmonary diffusing capacity, respectively, are considered as the key indicators to evaluate the pulmonary function of patients with ILD. [22] Patients with AE-ILD were not able to complete the pulmonary function test because of their severe lung condition.
Follow-up
The 323 patients with ILD were followed up in the outpatient clinic of Shanghai Pulmonary Hospital or by telephone calls. The follow-up ended on December 31, 2015. Overall mortality and mortality within 1 year was recorded. The serum levels of LN, IVC, PIIINP, and HA were compared in dead versus survived patients. Kaplan-Meier survival in the patients with IPF and the patients with CTD-ILD was analyzed.
Statistical analysis
Statistical analysis was performed with the statistical analysis software SPSS 16.0 (Chicago, IL). Continuous variables are presented as mean ± standard deviation. Two-group comparison was analyzed by Student t test, and P < .05 was considered statistically significantly different. The correlation of the serum levels of LN, IVC, PIIINP, and HA with FVC%pred, DLCO% pred, and HRCT score was analyzed by bivariate linear regression.
Results
Clinical characteristics
The flow chart for patient screening is illustrated in Fig. 1 . In total, 452 patients with ILD treated in Shanghai Pulmonary Hospital between January 2013 and January 2015 were screened. A total of 323 patients including 162 cases of IPF and 161 cases of CTD-ILD were included in the study. The control group included 160 age-matched healthy individuals. Age was similar in the IPF, CTD-ILD, and control groups. Compared with the CTD-ILD and control groups, the IPF group showed higher ratio of man/woman ( Table 2 ). The proportion of smokers in the IPF group (84.0%) was significantly higher than that in the CTD-ILD group (36.6%) and the control group (37.5%, P < .01). Of the 65 cases of AE-ILD, 39 were AE-IPF and 26 were AE CTD-ILD. All of the other patients (123 cases of IPF and 135 cases of CTD-ILD) showed stable disease.
3.2. Serum levels of LN, IVC, PIIINP, and HA, pulmonary function, and HRCT score
The serum levels of LN, IVC, PIIINP, and HA in the IPF and CTD-ILD groups were similar, whereas they were significantly higher than those in the control group (All P < .05, Table 3 ). Notably, serum PIIINP and HA in the patients with IPF or CTD-ILD were approximately 1.6 and 2.8-folds of those in the controls, respectively, whereas serum LN and IVC in the IPF and CTD-ILD groups were approximately 20% higher than those in the control group (Table 3 ). The serum levels of LN, IVC, PIIINP, and HA negatively correlated with FVC (%pred) and DLCO (% pred) significantly (All P < .01, Table 4 ), whereas positively correlated with HRCT score significantly (P < .01, Table 4 ) in patients with IPF ( Fig. 2) and patients with CTD-ILD (Fig. 3) . The patients with AE-IPF had significantly higher serum levels of LN, IVC, PIIINP, and HA than the patients with stable IPF (all P < .05, Table 5 ). Similarly, the AE CTD-ILD cases also showed significantly higher serum levels of the 4 molecules than the stable CTD-ILD cases (all P < .05, Table 5 ). The serum levels of LN, IVC, PIIINP, and HA were not significantly different in AE-IPF versus AE CTD-ILD cases. Table 2 Demographics and clinical characteristics of study participants. Represents significant difference of the IPF group versus the CTD-ILD and control groups; P < .01. Of the 161 patients with CTD-ILD, 48 were rheumatoid arthritis, 41 were systemic sclerosis, 35 were primary Sjögren syndrome, 18 were polymyositis/dermatomyositis, 5 were systemic lupus erythematosus, and 14 were mixed connective tissue disease. † Patients with AE-IPF (n = 39) and patients with AE CTD-ILD (n = 26) were not able to take the pulmonary function test due to their severe pulmonary condition. 
Correlation of serum levels of LN, IVC, PIIINP, and HA to survival prognosis
The 162 patients with IPF were followed up for 4 to 156 weeks, and the median follow-up time was 80 weeks. The overall mortality in the IPF group was 33.95% (55/162), and the 1-year mortality was 15.4% (25/162). The 161 cases of CTD-ILD were followed for 8 to 156 weeks with a median of 109 weeks. The overall mortality and 1-year mortality was 13.66% (22/161) and 9.9% (16/161), respectively. The serum levels of LN, IVC, PIIINP, and HA were significantly higher in the patients who died in 1 year than in the patients who survived 1 year (all P < .05, Table 6 ), suggesting that serum levels of the 4 ECM molecules may be associated with survival prognosis. Kaplan-Meier survival analysis revealed that the IPF group had significantly higher overall mortality (33.95%) than the CTD-ILD group (13.66%) (Fig. 4) , whereas the 1-year mortality was similar in the AE-IPF cases (25/39, 64.1%) and AE CTD-ILD cases (16/26, 61.5%).
Discussion
Accumulative evidence supports that the 4 ECM molecules LN, IVC, PIIINP, and HA are associated with ILD development and progression. [5, 6, 23, 24] The alveolar epithelium secrets LNs into the basement membrane. Patients with pulmonary fibrosis exhibit abnormal a3 LN subunit distribution in the basement membrane of the fibrotic regions in the lung. [5] Transgenic mice lacking the a3 LN subunit in the lung epithelium have worse mortality and pulmonary fibrosis than wild-type mice after the intratracheal administration of bleomycin. [5] In a rat model of bleomycininduced pulmonary fibrosis, the expression of collagen I and IV in the lung is increased, and both types of collagen deposit around the new pulmonary blood vessels. [6] Immunohistochemical staining has shown that collagen XII and XIV were expressed in the fibrotic areas of the lung tissue specimen of patients with IPF, and collagen I was overexpressed in the fibrotic area. [23] Bjermer et al [24] compared the PIIINP and HA levels in the bronchoalveolar lavage fluid of 22 patients with IPF versus those of 21 healthy controls and found that the patients with IPF had significantly higher PIIINP and HA levels than healthy controls. In addition, among the patients with IPF, those with deteriorated pulmonary function and radiographic progression showed higher PIIINP and HA levels than those with stable disease. [24] Serum levels of the 4 ECM molecules have been tested as biomarkers to evaluate liver fibrosis and predict prognosis in patients with liver disease. [11] [12] [13] However, whether they could also be used to assess the severity of pulmonary fibrosis is still unknown, although previous studies have shown that the 4 ECM molecules are involved in ILD development. [5, 6, 23, 24] In the present study, we found that serum levels of the 4 ECM molecules were all significantly higher in the patients with IPF or CTD-ILD than in the healthy individuals and were all further increased in the AE-IPF and AE CTD-ILD cases. These results suggest that serum levels of the 4 ECM molecules may be continuously increased during IPF and CTD-ILD development and progression and thus may be biological indicators of the disease stage of IPF and CTD-ILD.
Serum PIIINP and HA levels have been analyzed previously in patients with pulmonary fibrosis. [8, 10, 25, 26] Milman et al [25] investigated 27 patients with pulmonary fibrosis and 24 healthy controls and found that serum PIIINP and HA levels were not significantly different between the 2 groups but were higher in the patients with progressive disease than the patients with stable disease. Low et al [8] measured the PIIINP levels in serum and Table 4 Correlation of serum levels of LN, IVC, PIIINP, and HA to percentage of forced vital capacity in the prediction value, percentage of diffusing capacity of the lung for carbon monoxide in the prediction value, and HRCT score. CTD-ILD = connective tissue diseases interstitial lung disease, DLCO = carbon monoxide diffusion capacity, FVC = forced vital capacity, HA = hyaluronic acid, IPF = idiopathic pulmonary fibrosis, IVC = type IV collagen, LN = laminin, PIIINP = type III procollagen N-terminal peptide, r = correlation coefficient.
Table 3
Comparison of the levels of LN, IVC, PIIINP, and HA. [26] Inokoshi et al [10] reported that serum HA was significantly increased in patients with chronic interstitial pneumonia compared with healthy controls and was further elevated in patients with AE of interstitial pneumonia. Compared with the previous studies, which included small number of patients and only focused on 1 or 2 of the 4 ECM molecules, [8, 10, 24, 25] the present study investigated serum levels of the 4 ECM molecules together in 323 patients and 160 healthy controls. The results of the present study suggest that serum levels of the 4 ECM molecules may reflect disease progression of ILDs. This present study also demonstrated that serum levels of the 4 ECM molecules were similar in patients with IPF and patients with CTD-ILD and remained similar in AE cases of IPF and CTD-ILD. These data indicate that mechanisms underlying the AE of different types of ILD may share some common feature.
To further verify the association between serum levels of the 4 ECM molecules and ILD progression, we analyzed the correlation of the serum levels of the 4 ECM molecules with the parameters that are considered to reflect ILD progression, including pulmonary function parameters and HRCT score. [27, 28] To our best knowledge, the present study first showed that the serum levels of the 4 ECM molecules had a www.md-journal.com Figure 3 . Correlation of serum levels of laminin, type IV collagen, type III procollagen N-terminal peptide, and hyaluronic acid to percentage of forced vital capacity in the prediction value, percentage of diffusing capacity of the lung for carbon monoxide in the prediction value, and high-resolution computed tomography score in the patients with connective tissue diseases interstitial lung disease. CTD-ILD = connective tissue diseases interstitial lung disease, HA = hyaluronic acid, IPF = idiopathic pulmonary fibrosis, IVC = type IV collagen, LN = laminin, PIIINP = type III procollagen N-terminal peptide.
Table 5
Comparison of serum levels of LN, IVC, PIIINP, and HA in AE versus stable cases.
LN, ng/mL 102.74 ± 43.43 135.86 ± 52.83
significant positive association with HRCT score and a significant negative association with FVC%pred and DLCO%pred in patients with IPF or CTD-ILD. These results suggest that deterioration of pulmonary function during ILD progression may be accompanied with increases in the serum levels of the 4 ECM molecules. Serum PIIINP levels have been shown to negatively correlate with total lung capacity in patients with pulmonary fibrosis. [25] AE of ILD is a serious medical condition that is often associated with high mortality and poor patient prognosis. [14] The reported mortality associated with AE-IPF is 71% to 78%, [29, 30] and the incidence rate of AE-IPF in patients with IPF is 35% to 57%. [29] [30] [31] Our previous study of 1044 patients with CTD-ILD has demonstrated that 16 of the 20 dead patients had AE CTD-ILD. [32] In the patient cohort of this present study, the incidence rate of AE-IPF and AE CTD-ILD was 24.1% and 16.1%, respectively, and the mortality of AE-IPF and AE CTD-ILD was 64.1% and 61.5%, respectively. In addition, we also found that the serum levels of the 4 ECM molecules were significantly higher in the dead patients than the survived patients. Thus, the serum levels of the 4 ECM molecules may indicate the survival prognosis of patients with ILD.
This study presented one time measurement of serum levels of LN, IVC, PIIINP, and HA in healthy individuals, patients with stable IPF or CTD-ILD, and patients with AE of the diseases. Although our results suggest that serum levels of the 4 ECM molecules appear to reflect the severity of IPF or CTD-ILD, a serial measurement of the molecules at different disease stage of same patients is required to further verify our conclusion. We will make such measurement in our future study.
Conclusion
Compared with healthy individuals, patients with IPF or CTD-ILD showed significantly higher serum levels of LN, IVC, PIIINP, and HA. Serum levels of the 4 ECM molecules were also significantly higher in patients with AE than in patients with stable disease. HRCT scores positively correlated with serum levels of the 4 ECM molecules, whereas FVC%pred and DLCO %pred negatively correlated with them. Survived patients had significantly lower serum LN, IVC, PIIINP, and HA than dead patients. These results suggest that serum levels of LN, IVC, PIIINP, and HA may reflect IPF and CTD-ILD progression and may be used as biomarkers to stage ILD.
